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Create Synthetic Data Set by Experimental 
Design using Several Values of Each Property 



Create Chemometric Equations that Correlate 
Fluid Properties to Impedance vs. Frequency 



Apply these Equations to Measured Resonator 
Response so as to Estimate Fluid Properties 



Alternatively, Use Chemometric Estimates as 
Starting Values in Non-Linear Least-Squares Fit 



Figure 6 
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Regression Summary for Deoendem Vanabla: cPi (Synthetic Imoadanca Oata.sta) 
R» .97696409 R»» .95445682 Adjusted R»» .95206192 
F<4.76>»396.20 (XO.OOOO Std Error of attimata: .26970 

Beta Std.Err. 3 Std.Err. 
Intercept -15.694 0.9671 

1/Min02 -0.840896 0.035160 0.000 0.0000 
FreqRMaxOI 0.506923 0 028371 5.662 0.3169 
Mtn02 0.376456 0.033230 6266.363 729.8467 

Sqr Min 4.117944 0.024612 -10.112 2.1102 



1(76) p-iaval 

-16.2279 2.089853E-26 

-23.9160 4.1S1239E-37 

17.5679 8.229948E-29 

11.3269 5.432749E-16 
-4.7922 




Raoraasion Summarv for Daoandant Variable: cPa (Synthetic impedance Oata.sta) 
R« .97873578 R*» .95792372 Adjusted R*= .95511663 
F(5. 75)^341.50 p<0.0000 Std.Error of estimate: .26096 

Beta Std.Err. B Std.Err. t(75) 

tntorcapt -17.653 1214 -14.5445 

FreqLZeroOl 0.483355 0.029169 5.411 0.327 16.5598 

t/MkiD2 4.693625 0.0568O9 0.000 0.000 -11.8381 

Cub Mln 4.169016 0.031429 -69.316 12.690 4.3776 

M*D2 0.245608 0.065284 5394.464 1433.871 3.7622 3.32E44 

IOg(Max02) 4.268470 0.097688 4.284 0.103 -2.7482 7.50E43 



p-iaval 

1.57E-23 
9.17E-27 
7.78E-19 




Reoresswn Summarv for OaoanrJani Vanabla: cPa (Synthatic Impedance Oata.sta) 
R» .98468409 R«- .96960276 Adjusted R*= .96757627 
F(S.75)-478.47 pO.0000 Std.Error of estimate: .22181 

Beta Std.Err. B Std.Err. t(75) p4avai 

-12.938 0.8918 -14.5075 1.613627E-23 

4.691178 0.043747 0.000 0.0000 -15.7994 V43406SE-2S 

PK 0.368416 0.029871 250.435 20.3047 123336 1.0051 52E-19 

log(M&x02) 4.368199 0.043609 4.390 0.0462 4.4431 1.709691E-12 

4.131400 0.023774 -53.689 9.7499 -5.5272 4.512695E47 

0.128036 0.028700 3078.767 690.1188 4.4612 2.817S52E45 



l/MWH 



Cub Min 
P27J32 




INVENTOR: DiFoggio et al. 

TITLE: Method and Apparatus for Downhole Fluid... 

ATTORNEY: G. Michael Roebuck TELEPHONE NO.: 713-266-1130 
EXPRESS NO.: EV369817959US DOCKET NO.: 584-37008-USCP 
SHEET 5 OF 10 



Dielectric Constant 

RoorttUJOn Summary for Dependent Variable: Dielectric (Synthetic Impedance Oat 
R» .995 11 668 R«- 98025720 Adjusted R»> .98974442 
F(4.76)»193t.2 p<0.0O0O Ste.Error of estimate: 1.1857 

Beta Sid Err 8 SM.Err. t(76) [ 

intercept >9.1S 0.581 -15.7513 1.20 

AvgOl 1.37132 0.054288 75492.69 2988.616 25 2801 1.029444E-38 

Sqr_Ma* -1.46607 0.108481 -1157.11 85.604 -13.5170 6.567799E-22 

Cub Ave 4.64294 0.680918 17514.38 2568.600 8.8187 1.924593E-09 

Cub.Max -2.46760 0.623826 -8978.25 2289.034 -3.9569 1.693159E-04 



Conductivity 



Fig. 8 



r 



Pf«dd*S rt 0burv*J VafcM 

Of*m***vw*» (Metric 































-3 0 5 10 13 20 28 30 38 

fterfcftidValjei [N>,W%canre»re» \ 



Reoression Summary far Dependent Variable: 1/onm*m (Synthetic Impedance Data tlx I 
R* .99825839 R" .99651982 Adjusted R** .99633665 
F(4, 76^5440.5 p<0.0000 Std Error of estimate: .00000 

Bete Std.Err. B Std Err. 
Intercept 0.000112 0.000025 

Max -3.84861 0.091676 -O.002934 0.000070 

Mm 3.86666 0.161681 0.002932 0.000123 

CubMin 0.4789S 0.084796 0.007172 0.000970 

LotfMin) 0.37400 0.089082 0.000063 0.000015 



t(76) p4ovet 

4.3989 3.495104E-05 

•41.9589 0 0O000OE»00 

23.9154 4.1 5812 1E-37 

7.3910 1.594179E-10 

4.1993 7.204409E-05 





R» .9994371 1 R* .99887453 Adjusted R»» 
F(6.74)»10946. (XO.OOOO Std.Error of 

B«U Std.Err. B Std Err. 

Intercept .7.53 1.2377 

AvgOl 0.66843 0.016800 38887.94 924.8812 

1/Avg01 4.197847 0.007860 -0.000163 0 000006 

Cub.Awg 2.44530 0.154098 9224.32 581.2968 

Sqr.MJn -3.33853 0.285158 -2720.88 232.3839 

Mm 1.54184 0.134232 304.33 28.4945 

LoofFM* 01) -0.01485 0.003953 4.21 2.4530 



Some Definitions of Variables 



t(74) p-tevat 

-6.0807 4.505670E-06 

39.8877 0.0000O0E*00 

-25 1721 0.000000 



•11.7071 
11.4864 4.100279E.18 
-3.7558 3.421387E-04 




Regression Summary for Dependent Variable: Dielectric (Synthetic Impedance Osteste) 
R» .99901744 R*= .99803585 Adjusted R*- .99795932 
F(3.77)»13042. (XO.OOOO SU.Emy of estimate: .52890 

Bete Std.Err. B Std.Err. tf77) p4evel 

Intercept 35.64 12392 28.7567 6.24E-43 

Cub.Min 0.676927 0.005494 2838.71 21.4159 1232124 

AvgDI 0.656755 0.010915 30155.19 600.9014 60.1683 

0.401660 0.011145 10.63 0.2950 36.0399 0.0OE*O0 



in Spectrum 
Maximum Impedance in Spectrum 
Average Impedance in Spectrum 
Frequency of 1st Derivative Mlnimun 



i Value (an inverted PeaK) 



Cub 
Log<) 



02 
03 



SquareoL 
Cubo_cf_ 
Log 10 of 
Reciprocal of 

First Oerivative of impedance va Frequency 
Second Derivative of Impedance va Frequency 
Third Derivative of Impedance v» Frequency 

Minimum of First Derivative of impedance in Spectrum 
Maximum of First Derivative of Impedance in Spectrum 



■n of Second Derivative of Impedance in Spectrum 



1/FMn D1 Reciprocal of Frequency of Minimum 01 (Irrverted Peak) 
1/FMx_01 Reciprocal of Frequency of Maximum D1 



FroqAtMmOl Frequency of Minimum D1 (Inverted Peak) 
FreqAtMaxDl Frequency of Maximum 01 (May pick small bump on 



FreqAIMin02 Frequency of Minimum D2 
FreqAtMaxD2 Frequency of Maximum D2 



&$frot tido of Invortotf P6flk) 



FreqAtMlnD3 Frequency of Minimum 03 
FreqAtMax03 Frequency of Maximum D3 



FreqLMaxD1> Frequency of LEFT Maximum 01 ( Left of inverted Peak) 
FraqRMaxOI' Frequency of RIGHT Maximum D1 (Right of inverted Peak) 



FroqLZeroDI* FLZD1 ■ Frequency of LEFT Zero D 1 ( Left X-ax»a Crossing Point) 
FrocRZeroOl" FR2D1 - Frequency of RIGHT Zero 01 (Right X-exia Crossing Point) 




INVENTOR: DiFoggio et al. 

TITLE: Method and Apparatus for Downhole Fluid. . . 

ATTORNEY: G. Michael Roebuck TELEPHONE NO.: 713-266-1130 

EXPRESS NO.: EV369817959US DOCKET NO.: 584-37008-USCP 
SHEET 6 OF 10 



CO 

DL 
O) + 

C CM 
$- — 
:— cm 



X 



o 



Q_ 
II 

> 



0 

E 

| - 

C Q) 
0 "D 

o 0 
o E 

m X 

g_LU 

E £ 

o o 

O -Q 

_ 03 

§ s 

0 CD 

c c 
o ° 

c/) 

CO 
CD 



CM 

o 

00 



co o «m ^ 
20. 5>i 

.. coct: 6 
21 .E d: Q 




o 

00 

(0 

c 
o 

Q. 

CO 
CO 

Q 

2 
c 

CD 

E 

CD 
Q. 
X 
UJ 




Q_ U. 



CD 

£ CD 

O O 
c 

CD 

D 3 



J9 
c 

o 
Q_ 

CO 

_ CO 

r Q 



o 

CN 



in 



CO 

o 



CD 

E 
o 

E 

CD 

sz 
O 





CD 








CD 




> 


O 




Q- 


E 


CD 




CD 


E 


■D 


c 


H— 




O 


"E 


E 


CD 


>» 


•4-1 


0" 
=3 


TO 


val 


lue 


>» 


va 


E 


X 


mu 


the 


c 




2 


i 

X 


ii 


ii 


CO 


CM 


CL 


CL 


♦ 





CD 



CD X 

O ? 

0 E 

X x 

£j +_ 

+ 
E 
X 



> 
CD 
CO 



_ E 

o x 

IX. CM 

CN T 

<^ 

J 

oj X 
■O CM 



II II 
CL CL. 



♦ 
♦ 
♦ 
♦ 

♦ 



0 

I— 
D) 



in 



r - « X 



CM 

DL 



- CN 



in 



co 
CL 



INVENTOR: DiFoggio et al. 

TITLE: Method and Apparatus for Downhole Fluid. . . 
ATTORNEY: G. Michael Roebuck TELEPHONE NO.: 713-266-1130 
EXPRESS NO. : EV3698 1 7959US DOCKET NO. : 584-37008-USCP 
SHEET 7 OF 10 




CD 




CN 


o 


00 


CD 






^- 


s 


CO 


CO 


O 


s 


o 




o 


o 


■ 

o 


• 

o 


• 

o 


• 

o 


• 

o 


■ 

o 



eouepadwi |eoojdpey eAjjeiay 



o 
o 
o 

LO 
CO 



o 
o 
o 

CO 
CO 



o 
o 
o 

CO 



o 
o 
o 

CN 



o 
o 
o 

CN 



o 
o 
o 

LO 
CN 



N 
X 

>i 

o 
c 

0) 



o 

LL. 



INVENTOR: DiFoggio et al. 

* TITLE: Method and Apparatus for Downhole Fluid. . . 

ATTORNEY: G. Michael Roebuck TELEPHONE NO.: 713-266-1130 

EXPRESS NO.: EV369817959US DOCKET NO.: 584-37008-USCP 
SHEET 8 OF 10 




INVENTOR: DiFoggio et al. 

TITLE: Method and Apparatus for Downhole Fluid. . . 

ATTORNEY: G. Michael Roebuck TELEPHONE NO.: 713-266-1130 
EXPRESS NO.: EV369817959US DOCKET NO.: 584-37008-USCP 
SHEET 9 OF 10 



o 

Ol 

0) 

o 
c 

CO 

~o 

o 
a 

E 

o 

0) 
■*■> 

c 

>» 

CO 

15 
a 

a 

>» 

K- 

(0 

o 

o 
> 

■ MM 

> 

o 
Q 

+"» 

(/) 



o 
o 


CO 
CO 




o 
o 

- o 

CM 
CO 




o 
o 

- o 


a 

£ £L 
D) a 

o to 

t- 1 d 


o 
o 

- o 
o 

CO 


g 8 

<l) .52 
Q > 


o 
o 

- o 

O) 
CM 




O 
O 

- o 

00 
CM 




27000 




o 
o 

— © 





CM 
O 
O 

6 



o 
o 

d 



o 
o 

d 



CD 
O CM 

o 
o 

d 



o 

CO 



c 
CO 

H— > 

c 
o 
O 
o 

» 

o 

0 
0 

b 



2 
0 

0 " 
E J 

1 00 

O £ 

CO 



CD 
O 
+ 
LU 
O 
O 



CD 
O 

c 

CO 

c 
o 

CO 

. , CD 

:> e 

0) o 
0 CD 

a: > 



o 
o 



o 
o 

9 



CM 
O 
O 




a 
c 
o 

3 

cr 
0 



aouepadui| |Boojdioay jo eAjjeAuea \s\, 



INVENTOR: DiFoggio et al. 

TITLE: Method and Apparatus for Downhole Fluid . . . 

ATTORNEY: G. Michael Roebuck TELEPHONE NO.: 713-266-1130 
EXPRESS NO.: EV369817959US DOCKET NO.: 584-37008-USCP 
SHEET 10 OF 10 



o 

4> 
O 
C 
(0 

■o 

<D 

a 
E 



CO 

75 
o 

mmm 

a. 
>» 
I- 

(0 

■5 

> 

• Mi 

+■» 
(0 
> 

■ MM 

Q 



o 
o 

CO 





>» 
a 
c 
o 

3 

a> 



eouepadiui |eoojdpay jo aA^BAuaa pu^ 



